Mechanisms of regulation of phospholipase D1 by protein kinase Calpha.
It has been suggested that protein-protein interaction is important for protein kinase C (PKC) alpha to activate phospholipase D1 (PLD1). To determine the one or more sites on PKCalpha that are involved in binding to PLD1, fragments containing the regulatory domain, catalytic domain, and C1-C3 domain of PKCalpha were constructed and shown to be functional, but they all failed to bind and activate PLD1 in vivo and in vitro. A C-terminal 23-amino acid (aa) deletion mutant of PKCalpha was also found to be inactive. To define the binding/activation site(s) in the C terminus of PKCalpha, 1- to 11-aa deletion mutants were made in this terminus. Deletion of up to 9 aa did not alter the ability of PKCalpha to bind and activate PLDl, whereas a 10-aa deletion was inactive. The residue at position 10 was Phe(663). Mutations of this residue (F663D and F663A) caused loss of binding, activation, and phosphorylation of PLD1, indicating that Phe(663) is essential for these activities. Time course experiments showed that the activation of PLD1 by PMA was much faster than its phosphorylation, and its activity decreased as phosphorylation increased with time. Staurosporine, a PKC inhibitor, completely inhibited PLD1 phosphorylation in response to 4beta-phorbol 12-myristate 13-acetate PMA and blocked the later decrease in PLD activity. The same results were found with the D481E mutant of PKCalpha, which is unable to phosphorylate PLD1. These results indicate that neither the regulatory nor catalytic domains of PKCalpha alone can bind to or activate PLD1 and that a residue in the C terminus of PKCalpha (Phe(663)) is required for these effects. The initial activation of PLD1 by PMA is highly correlated with the binding of PKCalpha. Although PKCalpha can phosphorylate PLD1, this is a relatively slow process and is associated with inactivation of the enzyme.